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(54) Near planar natlve-oxJd VCSEL device and arrays 



(57) A VCSEL [100] with a near planar top surface 
on which the top electrode [1 1 1] is deposited. A VCSEL 
[100] according to the present invention includes a top 
electrode [1 1 1], a top mirror [115] having a top surface, 
a light generation region [120], and a bottom mirror 
[1 16] for reflecting light toward the top mirror [11 5). At 
least one of the mirrors includes a plurality of planar 
electrically conducting layers having different indices of 
refraction. In addition, at least one of the layers includes 
an oxidizaUe material. To expose this layer to an oxidiz- 



ing agent (thereby converting the material to an electri- 
cal insulator), three or more holes [112] are etched 
down from the top surface of the VCSEL [100] to the 
layer [1 18] containing the cxidizable material. The oxi- 
dizing agent is then introduced into the top of these 
holes. The partial oxidation of the layer converts the 
layer to one having a conducting region [121] sur- 
rounded by an electrically insulating region, the con- 
ducting region being positioned under the top electrode. 
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Description 

Flflld of the Invention 

[0001] The present invention relates to semiconduc- 
tor-based lasers, and more particularly, to Vertical Cav- 
ity Surface-Emitting Lasers. 

Background of the Invention 

[0002] Semiconductor laser diodes were originally 
fabricated in a manner that led to a diode structure that 
was parallel to the surface of the semiconductor wafer. 
In this structure, light is emitted from the edge of the 
structure such that the light is also emitted parallel to the 
surface of the semiconductor wafer. Unfortunately, this 
structure does not lend itself to low cost "mass" manu- 
facturing or to the cost-effective fabrication of two- 
dimensional arrays of laser diodes. 
[0003] A second class of laser diodes is fabricated 
such that the laser structure is perpendicular to the sur- 
face of the semiconductor wafer and the light is emitted 
perpendicular to the surfaca These laser diodes are 
commonly known as Vertical Cavity Surface-Emitting 
Lasers (VCSELs). A VCSEL may be viewed as a laser 
having mirrors constructed from alternating layers of 
material having different indices of refraction. These 
lasers are better suited for the fabrication of arrays of 
lasers for displays, light sources, optical scanners, and 
optical fiber data links. Such lasers are currently being 
considered for use in CD-ROM drives, DVD heads, and 
laser printers. 

[0004] To provide small diameter light beams while 
maintaining efficient conversion of electrical energy to 
light, the current flowing vertically in the VCSEL must be 
confined to a small area. Early designs utilized ion- 
implanted regions to contain the current flow; however, 
this approach is not satisfactory for very small confine- 
ment areas. In addition, implanted regions do not offer 
any index-guided optical confinement. 
[0005] A method for containing the current flow and 
also for providing optical confinement is to convert a 
portion of one or more of the mirror layers in the upper 
mirror to an electrical insulator. These VCSELs utilize 
an oxidation process to convert one or more high alumi- 
num content layers within the VCSEL structure to some 
form of aluminum coida The oxidation process pro- 
ceeds along the layer from the outer edge of an etched 
mesa toward the center of the mesa. The process is 
stopped prior to converting the entire layer, thereby 
leaving a small unoxidized area in the center of the 
mesa, which defines the laser aperture. 
[0006] One problem with these native-oxide VCSELs 
is the nonplanar geometry currently employed in fabri- 
cating such devices. To provide access to the layer 
being oxidized, the device is first etched to form a mesa- 
like structure with the edges of the various mirror layers 
exposed. The exposed edges are then subjected to the 



wet oxidation process. 

[0007] If a number of lasers are to be constructed on 
a common substrate, this process leads to a device in 
which each laser is an isolated mesa on the substrate. 

5 The surface of the device has large steps which make 
the deposition of the various metallic conductors, such 
as those used for contacts, difficult In addition, the 
need to provide trenches between the devices limits the 
density of lasers that can be fabricated in array struc- 

10 tures. Even in the case of single devices, the raised 
mesa structures make it difficult to deposit metal for the 
connections to the electrode on top of the mesa. 
[0008] Broadly, it is the object of the present Invention 
to provide an improved VCSEL structure and method for 

15 fabricating the same. 

[0009] His a further object of the present invention to 
provide a VCSEL structure that provides a near planar 
top surface. 

[001 0] These and other objects of the present inven- 
20 tion wi8 become apparent to those skilled in the art from 
the following detailed description of the invention and 
the accompanying drawings. 

Summary of the Invention 

25 

[001 1] The present invention is a VCSEL with a near 
planar top surface on which the top electrode is depos- 
ited. A VCSEL according to the present invention 
includes a top electrode, a top mirror having a top sur- 

30 face, a light generation region, and a bottom mirror for 
reflecting light toward the top mirror. At least one of the 
mirrors includes a plurality of planar electrically con- 
ducting layers having different indices of refraction. In 
addition, at least one of the layers includes an oxidiza- 

35 bte material. To expose this layer to an oxidizing agent 
(thereby converting the material to an electrical insula- 
tor) three or more holes are etched down from the top 
surface of the VCSEL to the layer containing the oxidiz- 
able material. The oxidizing agent is then introduced 

40 into the top of these holes. The partial oxidation of the 
layer converts the layer to one having a conducting 
region surrounded by an electrically insulating region, 
the conducting region being positioned under the top 
electrode. 

45 

pn>f n^riptlon of the Drawings 
[0012] 

so Figure 1 is a cross-sectional view of a conventional 
native-oxide VCSEL 

Figure 2 is a top view of a portion of a chip 100 hav- 
ing two VCSELs with top electrodes. 

55 

Figure 3 is a cross-sectional view of chip 100 
through section 101-102. 
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Figure 4 is a cross-sectiona) view of chip 100 
through 6edion 103-104. 

Figure 5 is a top view of a two-dimensional array of 
VCSELs. 

Detailed Description of the Invention 

[0013] The present invention may be more easily 
understood with reference to Figure 1 which is a cross- 
sectional view of a conventional native oxide VCSEL 1 0. 
Since construction of VCSELs is well known to those 
skilled In the laser arts, it will not be described in detail 
here. For the purposes of this cfiscussion, it is sufficient 
to note that VCSEL 10 may be viewed as a p-i-n diode 
haying a top mirror region 18, a light generation region 
14, and bottom mirror region 19. These regions are con- 
structed on a substrate 12. Electrical power is applied 
between electrodes 22 and 27. The various layers are 
constructed by epitaxial yowth. Substrate 12 is an n- 
type semiconductor in the example shown in Figure 1. 
[0014] The active region is typically constructed from 
one or more quantum wells of InGaAs, GaAs, AIGaAs, 
also (AT) GalnP, GalnAsP or InAIGaAs which is sepa- 
rated from mirror regions 18 and 19 by spacers 15 and 
16, respectively. The choice of material depends on the 
desired wavelength of the tight emitted by the VCSEL or 
other desired VCSEL properties. In addition, devices 
based on bulk active regions are known to the art This 
layer 1 4 may be viewed as a light generation layer which 
generates light due to spontaneous and stimulated 
emission via the recombination of electrons and holes 
generated by forward biasing the p-i-n diode. 
[001 5] The mirror regions are constructed from alter- 
nating layers of which layers 20 and 21 are typical. 
These layers have different indices of refraction. The 
thickness of each layer is chosen to be one quarter of 
the wavelength of the light. The stacks form Bragg mir- 
rors. The stacks are typically constructed from alternat- 
ing layers of AlAs and GaAs or AIGaAs. To obtain the 
desired reflectivity, 20 to 30 pairs of layers are typically 
required. The layers in the upper mirror region 18 are 
typically doped to be p-type semiconductors and those 
in the tower mirror region 19 are doped to be n-type 
semiconductors. Substrate 12 is preferably n-type. Bot- 
tom electrode 27 is preferably an n-ohmic contact. How- 
ever, n-i-p diode structures may also be constructed by 
growing the structures on a p-substrate or a semi-insu- 
lating substrate with a p-layer deposited thereon. 
[001 6] The current flow between electrodes 22 and 27 
is confined to region 24 by an insulating region 25 pro- 
duced by converting the outer portions of mirror layer 26 
to an insulator as described below. 
[0017] It should be noted that VCSEL 10 is not shown 
to scale in Figure 1. In particular, the mirror regions and 
active regions have been expanded to provide clarity in 
the drawing. In practice, the thickness of region 12 is 
typically 1 50 fim compared to about 1 0 ^im for the mirror 



and active regions. Window 30 in top electrode 22 is 
approximately 10 urn in diameter while bottom electrode 
27 covers the bottom of the substrata 
[0018] In the VCSEL shown in Figure 1 , the light is 

5 emitted from the top surface of the VCSEL However, 
designs in which the light is emitted through a transpar- 
ent substrate are also known. It will be apparent to 
those skilled In the art from the following discussion that 
the teachings of the present invention may also be 

io applied to such transparent substrate designs. 

[001 9] As noted above, the Insulating region is created 
by converting the outer portion of one of the mirror lay- 
ers. The conversion process Is based on the observa- 
tion that water vapor in an hfe carrier gas at an elevated 

is temperature, typically 400 - 450 °C, will oxkfize AIGaAs 
to form aluminum oxide. In general, the mirror layers 
can be constructed from layers of A^Ga^As. Layers 
that are to have high Indices of refraction have x values 
of the order of 0.15. Layers that are to have low indices 

20 of refraction values have x values of the order of 0.9 or 
greater. The selective lateral oxidation of one of the lay- 
ers is based on the observation that the rate at which 
steam oxidizes the A^Ga^x As depends critically on the 
value of x. For example, there is a factor of about 10 drf- 

25 ference in the oxidation rate of A^Ga^ As between x 
values of 0.92 and 0.98. Hence, the layer that is to be 
partially oxidized typically has a relatively higher value 
of x (e.g., x « 0.98) while the other low index of refrac- 
tion layers are restricted to lower x values (e.g., x « 

30 0.92). Other values of x in either layer are also posecxe. 
Since this oxidation process is well known to those 
skilled in the art, it wilt not be discussed further here. 
The reader is referred to K.D. Choquette, R.P Schneider 
Jr, K.L. Lear, and K.M. Geils, Electronics Letters 30, 

35 p2043, 1 994 for a more detailed discussion of the proc- 
ess. 

[0020] As noted above, prior art fabrication methods 
for utilizing this oxidation reaction rely on introducing the 
steam along the outside of the mesas 40 so that the oxi- 

40 dation reaction proceeds from the outside inwards. This 
method of fabrication leads to steep mesa steps which 
can be several microns high, which cause problems in 
subsequent deposition phases of the fabrication. In 
addition, this prior art methodology limits the density of 

45 devices that can be fabricated on a chip. 

[0021] The present invention avoids these problems 
by utilizing etched holes to provide access to the layer 
that is to be oxidized. Trie manner in which the present 
invention operates may be more easily understood with 

50 reference to Figures 2-4. Figure 2 is a top view of a por- 
tion of a chip 100 having two VCSELs whose top elec- 
trodes are shown at 1 10 and 111, respectively. Figure 3 
is a cross-sectionai view of chip 100 through section 
101 - 102. Figure 4 is a cross-sectional view of chip 100 

55 through section 1 03-104. Chip 100 includes a top mirror 
region 1 15, an active region 120, and a bottom mirror 
region 1 16. The top mirror region includes a plurality of 
alternating layers having different indices of refraction. 
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One (or more) of these layers, shown at 118, has a 
higher Al content than the others, and hence, will be oxi- 
dized much faster than the others when exposed to 
water vapor. 

[0022] A plurality of holes are etched into the top mir- 
ror region to provide access to layer 1 1 8. In one embod- 
iment of the present invention, four circular holes are 
opened that are equidistant from the center of the top 
electrode of each of the devices. These holes are 
shown at 11 2. The holes extend from the top of chip 1 00 
at least to layer 118. When the chip is exposed to 
steam, the steam enters these holes and a moving oxi- 
dation front is set up. The front proceeds radially from 
the holes as shown by the arrows 119. The process is 
allowed to continue until the fronts merge under each 
electrode leaving an unoxidized aperture 121 under 
each electrode. 

[0023] While the above described embodiments of the 
present invention have utilized four etched holes for 
each VCSEL, it will be apparent to those skilled in the 
art from the above discussion that fewer holes may be 
utilized. For example, three holes located around each 
VCSEL will also provide a window under each elec- 
troda Similarly, additional holes can be utilized to pro- 
vide a more circular window. Finally, as is evident from 
Figures 2-4, a hole can be shared by more than one 
VCSEL in an array. 

[0024] The sharing of holes makes the present inven- 
tion particularly well suited to the construction of arrays 
of VCSELs. Refer to Figure 5 which is a top view of a 
rectangular array 200 of VCSELs. The rows of etched 
holes are shown at 201. Each row of etched holes that 
is internal to the array is shared by two columns of 
VCSELs. Hence, an NxN array requires only 
(N+1)x(N+1) etched holes. 

[0025] Although circular holes are shown in the draw- 
ings, holes with rectangular cross-sections are pre- 
ferred. However, it will be apparent to those skilled in the 
art from the above description that the holes may have 
other shapes. By altering the shape and number of 
holes, the shape of the laser aperture may be control- 
led. The shape of the holes can be set by conventional 
photo-lithographic techniques. The etching of the holes 
can be performed with a 1:5:15 mixture of phosphoric 
acid (H3PO4). hydrogen peroxide (H^ ) and water 
(HaO) which yields a non-selective etch rate of 1.5 
nm/min to etch the holes. Other wet etches may be suit- 
able. Alternatively, dry etching by reactive ion etching 
may be used to provide better accuracy and more verti- 
cal sidewalls. 

[0026] When multiple VCSELs are constructed by the 
method of the present invention, additional isolation 
regions may be included to inhibit electrical and/or opti- 
cal cross-talk between the VCSELs. Such isolation 
regions may be introduced by ion implantation or 
trenches etched between the devices. These tech- 
niques are known to those skilled in the art, and hence, 
will not be discussed in detail here. To simplify the draw- 



ings, such additional isolation regions have not been 
shown. 

[0027] The above descrfoed embodiments of the 
present invention have a laser aperture defined by oxi- 

5 dizing a portion of a single mirror layer. However, it will 
be apparent to those skilled in the art from the above 
discussion that multiple mirror layers may be oxidized to 
provide laser apertures at various layers 
[0028] Various modifications to the present invention 

10 will become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. 
Accordingly, the present invention is to be limited solely 
by the scope of the following claims. 

is Claims 

1 . A VCSEL [1 00] comprising: a top electrode [1 1 1 ]; a 
top mirror [1 1 5) having a top surface; a light gener- 
ation region [120]; a bottom mirror [1 16] for reflect- 
20 ing light toward said top mirror [115], wherein at 
least one of said top mirror [1 15] and said bottom 
mirror [116] comprises a plurality of planar electri- 
cally conducting layers, at least one said layer hav- 
ing a different index of refraction from the layers 
26 adjacent to that layer, and wherein a first one of 
said layers [118] comprises an oxidizable material 
which is oxidized upon exposure to an oxidizing 
agent thereby converting said material to an electri- 
cal insulator; a bottom electrode [27]; and first see- 
so end. and third etched holes [112] connecting said 
top surface to said first one of said layers [1 1 8] for 
exposing said first one of said layers to said oxidiz- 
ing agent said exposure generating a conducting 
region [121] surrounded by an electrically insulating 
35 region, said conducting region being positioned 
under said top electrode [111]. 

2* The VCSEL [1 00] of Claim 1 wherein said oxidiza- 
ble material comprises A^Ga^As. 
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3. The VCSEL [1 00] of Claim 2 wherein said oxidizing 
agent comprises water. 

4. The VCSEL [100] of Claim 1, 2 or 3 wherein said 
etched holes [112] have circular cross-sections. 



5. A method for fabricating a VCSEL [1 00] comprising 
a top electrode [1 1 1], a top mirror [1 1 5] having a top 
surface, a light generation region [120] and a bot- 

50 torn mirror [1 1 6] for reflecting light toward said top 
mirror [1 15], wherein at least one of said top mirror 
[1 1 5] and said bottom mirror [116] comprises a plu- 
rality of planar electrically conducting layers, at 
least one said layer having a different index of 

55 refraction from the layers adjacent to that layer, and 
wherein a first one of said layers [1 1 8] comprises 
an oxidizable material which is oxidized upon expo- 
sure to an oxidizing agent thereby converting said 
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material to an electrical insulator; a bottom elec- 
trode [27], the improvement comprising the step6 
of: etching first second, and third holes [112] con- 
necting said top surface to said first one of said lay- 
ers [1 18] tor exposing said first one of said layers 5 
[1 18] to said oxidizing agent; introducing said oxi- 
dizing agent into said first second, and third etched 
holes [118] tor a time sufficient to generate a con- 
ducting region [121] surrounded by an electrically 
Insulating region, said conducting region [121] w 
being positioned under said top electrode [111]. 

The method of Claim 5 wherein said oxfdzable 
material comprises Mfia Vlc As. 

15 

The method of Claim 6 wherein said oxidizing agent 
comprises water. 

The method of Claim 5, 6 or 7 wherein said etched 
holes [112] have circular cross-sections. 20 
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